In this study, a novel sample clean-up technique based on the molecularly imprinted solid-phase extraction procedure is described for the determination of trifluoperazine (TFP) in biological fluids. The water-compatible molecularly imprinted polymers (MIPs) were prepared by using methacrylic acid as functional monomer, ethylene glycol dimethacrylate as cross-linker, chloroform as porogen and TFP as the template molecule. The novel imprinted polymer was used as a solid-phase extraction sorbent for the extraction of TFP from human serum and urine samples. Various parameters affecting the extraction efficiency of the polymer were evaluated. The selectivity of MIPs was evaluated by checking several substances with molecular structures similar to the template. The limits of detection and quantification for TFP in urine samples were 0.06 and 0.2 mg/L, respectively. These limits for TFP in serum samples were 0.15 and 0.4 mg/L, respectively. The recovery values for serum and urine samples were higher than 92 and 93%, respectively.
Introduction
Trifluoperazine (TFP) is classified as a phenothiazine drug. Phenothiazine is one of a group of tranquilizing drugs with antipsychotic actions thought to act by blocking dopaminergic transmissions (messages sent by using the substance dopamine) within the brain. Phenothiazine derivatives have been widely used as antipsychotic, antiparkinsonian and antihistaminic drugs (1) . The analysis of TFP is attractive, taking into account that overdoses may cause coma, miosis and respiratory depression, among other disorders (2) . Due to the low concentration of TFP in biological samples and the large number of potential interferences, the separation and preconcentration of TFP is an essential step in any developed methodology.
The analytical methods employed for the quantification of TFP in dosage forms or biological fluids include spectrophotometry (3), derivative spectrophotometry (4), thin-layer chromatography or densitometry and high-performance liquid chromatography (HPLC) (5), bead injection spectroscopy -flow injection analysis (BIS-FIA) (6) and flow-injection fluorimetry (7) . HPLC (8, 9 ) has been applied moderately often to the determination of TFP in pharmaceutical or biological samples, but it is combined with a liquid -liquid extraction (LLE) step that hinders the degree of automation and has a slow turnaround time. In the last few years, the clear advantages of solid-phase extraction (SPE) over the widely used LLE have made SPE the most important technique for sample preparation. SPE has become the most commonly used sample preparation technique, not only to clean the sample matrix, but also to enrich the present analytes prior to analysis. Nevertheless, due to the lack of selectivity of the commercial SPE sorbents, other materials with high selectivity, such as immunosorbents (ISs) and molecularly imprinted polymers (MIPs), have been developed and applied to extraction procedures.
MIPs are highly cross-linked polymers with recognition toward a target molecule or class of molecules. This is achieved by imprinting a molecule within the polymer during synthesis by covalent, or more commonly, non-covalent interactions between the imprint molecule and the polymer (10) .
SPE is one of the major application fields for MIPs (11 -17) . The potential of MIPs to act as specific SPE sorbents for the trace analysis of compounds in a variety of matrices has been shown to be feasible by a range of studies from various groups (14 -17) . The operational use of SPE consumables containing MIPs is very similar to the use of other SPE sorbents for preconditioning, sample loading, washing and elution. In the development of an analytical method, such as an HPLC method, most researchers focus their efforts on separating the analyte from the nearest eluted components. When these components are already partially removed in the sample pretreatment step, HPLC method development becomes simpler. In general, MIPs can provide a strong contribution to the selectivity and sensitivity of analytical methods. They can solve a given selectivity problem, reduce method development time, reduce analysis time and possibly allow the use of more conventional detectors. The last aspect can save money and facilitate method transfer to quality control laboratories and contract research organizations. The use of MIPs in SPE can involve various modes, including conventional SPE, in which the MIP is packed into columns or cartridges (18, 19) , and batch mode SPE, in which the MIP is incubated with the sample (20) . The use of MIPs in SPE includes also online and inline modes.
Recently, MIPs were applied as artificial receptors for the SPE analysis of verapamil (21), bromhexine (22) , metoclopramide (23) , tramadol (24) , dipyridamole (25) and dextrometorphane (26) in human plasma and urine samples and the extraction and purification of penicillin G from fermentation broth (27) . According to the previous studies (21 -27) and the literature (28, 29) the cross-linked polymers are water-compatible and can be used in aqueous media.
This article presents a novel method for the performance evaluation of TFP-based MIPs as selective SPE sorbents for efficient sample clean-up and determination of TFP from complex matrices by HPLC. This shows that molecularly imprinted solidphase extraction (MISPE) allows the sensitive, simple and inexpensive extraction and detection of the analyte in human serum and urine samples.
Experimental

Materials
Reagents
Ethylene glycol dimethacrylate (EGDMA) and 2, 2'-azobis isobutyronitrile (AIBN) from Sigma-Aldrich (Steinheim, Germany) were of reagent grade and used without any further purification. Methacrylic acid (MAA) from Merck (Darmstadt, Germany) was distilled in vacuum before use to remove the stabilizers. All solvents used in chromatography analyses were HPLC grade and supplied by Merck. A United States Pharmacopeia (USP) reference standard of TFP was used for preparing stock and standard solutions. The TFP stock solutions as standard solutions (1,000 mg/L) were prepared in water and stored at 48C. An intermediate standard solution of 100 mg/L was prepared by dilution of stock solutions with water. Working standard solutions of different concentrations were prepared daily by diluting the intermediate standard solution with mobile phase solution. Drug-free human serum was obtained from the Iranian blood transfusion service (Tehran, Iran) and stored at -208C until use after gentle thawing. Urine was also collected from healthy volunteers.
MIP and NIP preparation with bulk polymerization
For the preparation of the TFP imprinted polymer, the template (132.4 mg, 0.325 mmol) was dissolved in chloroform in a 30 mL thick walled glass tube. The functional monomer (MAA) (0.112 mL, 1.3 mmol), the cross-linking monomer (EGDMA) (2.6 mL, 14 mmol) and the initiator (AIBN) (24 mg, 0.164 mmol) were added to this solution. The mixture was uniformly dispersed by sonication for 15 min to remove oxygen. The solution was placed in a water bath at 608C. This action was allowed to proceed for 16 h. The hard polymers that were obtained were dried and crushed. After crushing, MIP particles were sieved with a series of particle sieves so that particles between 20 to 50 mm were obtained.
The polymer particles were washed three times with methanol and acetic acid (10:1, v/v, of 98% methanol and pure acetic acid) and twice with distilled water. Primary studies in water media were checked by ultraviolet-visible (UV-Vis) spectrophotometry (Perkin Elmer, Lambda 35) detection; for trace analysis and complex matrix samples, HPLC was used with a highly sensitive UV detection system at 254 nm (with 0.00001 AUFS). To verify that retention of the template was a result of molecular recognition and not non-specific binding, a control, nonimprinted polymer (NIP) was prepared under the same procedure, but with the exception of the target molecule, TFP. The schematic illustration of the imprinting and the removal of TFP from the imprinted polymer are shown in Figure 1 .
Apparatus
An Alliance HPLC instrument from Waters was used to separate and analyze TFP. The chromatographic system was composed of an isocratic Waters 515 pump, a Waters 2996 photodiode array detector and an online degasser. A Rheodyne model 7725i injector with a 25 mL loop was used to inject the samples. Chromatographic separation was achieved on an ACE C18 column (5 mm, 4.6 Â 250 mm). HPLC data were acquired and processed by using a PC and Millennium 2010 Chromatogram Manager software (Version 2.1; Waters). The pH of solutions was adjusted by using a model 744 digital Metrohm pH meter (Herisau, Switzerland) equipped with a combined glass-calomel electrode. Fourier transform -infrared (FT-IR) spectra (4,000 -400 cm 21 ) in KBr were recorded on a Bruker Vertex 70 spectrometer.
Procedures
MISPE conditions
MIP and NIP columns were prepared by packing 100 mg of the polymer into 1 mL empty SPE cartridges (24, 26) . The cartridges were sequentially conditioned with 1 mL of methanol, 1 mL of ultrapure water and 1 mL of 20 mmol/L ammonium phosphate at pH 3.0. Extraction experiments involved loading the cartridge with 1 mL of water solution containing 50 mg/L of TFP ( pH ¼ 6.0). After loading, column was washed with 1 mL of acetoneacetonitrile (1:4, v/v). Finally, the elution was performed by passing 3 Â 1 mL of methanol -acetic acid (10:1, v/v). All fractions were evaporated to dryness at 208C under a stream of nitrogen and finally recovered in 1 mL of mobile phase. After this, 20 mL of each sample was injected onto the analytical HPLC column.
Chromatographic conditions HPLC analysis was conducted at room temperature. For the mobile phase, a degassed mixture of acetonitrile -methanolphosphate buffer (0.03 mol/L, pH 5.5; 18:12:70, v/v/v) was selected as a mobile phase at a flow rate of 0.9 mL/min (7). All of the analyses were conducted at an operation wavelength of 254 nm and the results were recorded by Millennium chromatography software. The mean retention time of TFP was 3.95 min.
Rebinding experiments
Batch adsorption experiments were used to evaluate the binding affinity of the imprinted polymer, as reported before (30) . The general procedure for the extraction of TFP by the MIP was as follows: the polymer beads were suspended in aqueous solutions and the pH was adjusted at 6.0. Next, 50 mg of polymer particles were added to a 25 mL flask containing TFP solutions of various concentrations (5 -1,000 mg/L). The mixtures were thermostated at 258C for 1 h under continuous stirring at 600 rpm and filtrated on a paper filter (flow rate: 100 mL/min by applied vacuum). The free concentration of TFP after adsorption was recorded by HPLC-UV at 254 nm. Three replicate extractions and measurements were performed for each aqueous solution. The adsorbed TFP was desorbed from the MIP by treatment with 2 mL of methanol and acetic acid (10:1, v/v, of 98% methanol and pure acetic acid). The binding experiments were conducted in triplicate. To determine that the TFP was retained by specific rather than non-specific interactions, the same procedure was followed for NIP particles.
Extraction procedure for human serum and urine samples Drug-free human serum was obtained from the Iranian blood transfusion service (Tehran, Iran) and stored at -208C until use after gentle thawing. Urine was also collected from healthy volunteers (females, approximately 20 -30 years old). Stock standard solutions of TFP were prepared in water. Standard solutions were prepared by adding appropriate volumes of TFP solution to a 25 mL volumetric flask, diluting the solution to the mark with biological fluids and vortexing for 3 min. Two milliliters of the serum and urine samples spiked with TFP were diluted with 2 mL of buffer, pH 6.0, centrifuged for 15 min at 7,000 rpm and filtered through a cellulose acetate filter (0.20 mm pore size; Advantec MFS, Dublin, CA). The filtrates were collected in glass containers and stored at -208C until analysis was performed. Optimal MIP formulation and porogenic solvent Generally, proper molar ratios of the functional monomer to the template are very important to enhance the specific affinity of polymers and the number of MIP recognition sites. High ratios of functional monomer to template result in high non-specific affinity, whereas low ratios produce less complexation as a result of insufficient functional groups (9) . Four molar ratios of the monomer MAA to the template were used in the experiments: 1:4, 1:6, 1:8 and 1:10 ( Table I) .
Results
IR characterization
Effect of pH
The effect of pH on the rebinding efficiency of TFP was investigated by varying the pH of the solution from 2.0 to 10.0. Several batch experiments were performed by equilibrating 30 mg of the imprinted particles with 25 mL of solutions containing TFP under the desired range of pH. It was observed that TFP underwent complete rebinding at pH 6.0 (Figure 2) .
Choice of loading, washing and eluent solutions
At first, cartridges were conditioned with 1 mL of methanol followed by 1 mL of ultrapure water and 1 mL of 20 mmol/L ammonium phosphate at pH 3.0. Water samples at pH 6.0 were loaded onto the cartridges at a flow rate of 1 mL/min; the wash procedure was assessed for obtaining the maximum recovery of the analytes by using a variety of mixtures, including: deionized water, acetone, dimethylformamide, acetone-acetonitrile, dimethylsulfoxide and dichloromethane (Table II) .
Adsorption capacity
For the measurement of the adsorption capacity of MIP and NIP absorbents, the absorbents (50 mg) were added to 25 mL TFP solutions at concentrations of 1.0 -500 mg/L, and the suspensions were mechanically shaken for 8 h at room temperature, followed by filtration removing of the absorbents. The remaining TFP in the supernatant was measured.
Study of MIP selectivity
Chromatographic evaluation and equilibrium batch rebinding experiments are the most commonly methods used to investigate the selectivity of imprinted materials (21) (22) (23) (24) (25) (26) 31) . For equilibrium batch rebinding experiments, a known mass of template in a solution is added to a vial containing a fixed mass of polymer. When the system has come to equilibrium, the concentration of free template in solution is measured and the mass of template adsorbed to the MIP is calculated (34). The initial concentrations of drugs (50 mg/L) were extracted with 50 mg of imprinted material at a pH of 6.0 on MIP and NIP. The distribution ratio (mL/g) of TFP between the MIP particles and the aqueous solution was determined by the following equation: where V is the volume of initial solution and m is the mass of MIP materials. Selectivity coefficients for the TFP ion relative to foreign compounds are defined as:
where K TEP D and K j D are the distribution ratios of TFP and foreign compound, respectively. The previous MISPE protocol was also applied to these drug molecules on NIP particles. The relative selectivity coefficient (K 0 ) was also determined by the following equation:
The selectivity tests of MIP were conducted using hydroxyzine, clozapine, cetirizine, chloramphenicol, atenelol, trazosin, promethazine, haloperidol, olanzapine and citalopram ( Figure 3 . relative selectivity coefficient (k') values of MIP and NIP material for these different drugs are listed in Table III .
TFP assay in human serum and urine samples
To demonstrate the potential of MIP for the selective clean-up of analytes, the MIP was applied to the purification of spiked TFP in human serum and urine. Aqueous media was employed for the loading solution; the wash procedure was assessed for obtaining the maximum recovery of the analytes using acetonitrileacetone (1:4, v/v). The use of this procedure for a washing step eluted interferences from MIP cartridges. The chromatograms obtained for the serum and urine samples are compared in Figures 4 and 5 .
Discussion
Several variables, such as the amount of monomer or nature of the cross-linker and solvent, affect the final characteristics of the obtained materials in terms of capacity, affinity and selectivity for the target analyte. Primary experiments revealed that the imprinted polymers prepared in chloroforms showed better molecular recognition ability in aqueous environments than MIPs prepared in acetonitrile. Thus, in chloroform, different formulations for the obtainment of MIPs with improved molecular recognition capabilities have been used (Table I ). The optimum ratio of functional monomer to template for the specific rebinding of TFP was 1:6, which showed the best specific affinity and the highest recovery of 96%, whereas that of the corresponding NIPs was low at 32%. The specific adsorption recovery (measured as the difference between recovery values for MIP and corresponding NIP) of TFO at 1:6 was 64%, whereas those at 1:4, 1:8 and 1:10 were 20, 36 and 32%, respectively. Therefore, the typical template-monomer -cross-linker molar ratio of 1:6:64 was used for further studies. It has been demonstrated that efficient imprint rebinding is possible in aqueous buffer solutions, which show high binding affinity and selectivity as a result of hydrophobic interactions. The lower recovery values observed at lower and higher pH values shown in Figure 2 may be attributed to the protonation of the amine group of TFP and deprotonation of carboxyl groups of the polymer, respectively.
Generally, the polymers have binding ability with both specific and nonspecific interactions. The specific interactions may originate primarily from the imprinting procedure, which creates selective recognition sites for the template. The non-specific interactions were assessed by measuring the binding of the nonimprinted polymer. It is known that the conditioning steps are related to the MIP properties (the -COOH groups), but the loading step is related to the chemical structure of the analyte. To obtain maximum interaction, the conditions of the two steps must be optimized. To investigate the usefulness of the washing step, 5 mL of 25 mg/L TFP aqueous solution was separately loaded onto the MIP and NIP cartridges, followed by desorption with the washing solvent. The results showed that after washing with 1 mL of ionized water and 1 mL of acetone-acetonitrile (1:4, v/v), the recovery of TFP in NIP cartridge decreased to 8.0%, whereas the recovery of TFP by the MIP cartridges was not reduced (Table II) . For the recovery of strongly bound TFP, the polymers were eluted with 3 Â 1 mL of methanol -acetic acid (10:1, v/v).
The reproducibility and repeatability of the method were evaluated from run-to-run MISPE experiments (25 mg/L of standard solution, n ¼ 5) and day-to-day experiments (four successive days) and relative standard deviations (RSDs) of 3.4 and 4.7% were obtained for the extraction amounts of TFP.
The capacity of the sorbent is an important factor that determines how much sorbent is required to quantitatively remove a specific amount of drug from the solution. According to the results for the MIP, the maximum amount of TFP that can be absorbed was found to be 56 mg/g (138 mmol/g) at pH 6.0. At higher TFP amounts, a slight increase of retained TFP was observed on the MIP capacity curve. Because all the accessible specific cavities of the MIP are saturated, the retention of the analyte is only attributable to non-specific interactions, which can be approximately identical for MIP and NIP polymers The data in Table III show that MIP exhibits high selectivity for TFP. This was simply clarified by its similarity to TFP in the arrangement of the functional groups and the size of the threedimensional structure. Table III shows that related structural molecules such as promethazine, trazosin, olanzapine and clozapine have small relative k' (2.5, 3.4, 3.9 and 4.0, respectively), whereas non-related structures such as citalopram and haloperidol have high relative k' (10 and 8.4, respectively) .
The results from the HPLC analyses (Figures 4 and 5) showed that the calibration curves of TFP for serum and urine samples, respectively, are linear in the ranges of 0.4 -120 and 0.2-95 mg/ L, with good precision (3.6 and 3.2% for 25.0 mg/L) and recovery (between 92 -96% and 93-95%; Table 4 ). The limit of detection (LOD) and limit of quantification (LOQ) for TFP in urine samples were 0.06 and 0.2 mg/L, respectively. These limits for TFP in serum samples were 0.15 and 0.4 mg/L, respectively.
The reproducibility and repeatability of the method were evaluated from run-to-run MISPE experiments (50 mg/L standard solution, n ¼ 4) and different batch experiments (three batches), and RSDs of 3.5 and 4.7% were obtained for the extraction amounts of TFP.
Conclusions
In this study, for the first time, a novel TFP MIP was prepared by bulk polymerization. The MIP showed higher molecular recognition than NIP when using rebinding experiments. An SPE-HPLC method based on MIP was developed for the extraction of TFP from aqueous solutions. Furthermore, the MIP particles as new sorbents in SPE were successfully investigated with an optimized procedure for the clean-up of human serum and urine samples. The method was applied to the trace determination of TFP at three levels, and the recovery values for the spiked human serum and urine samples were higher than 92%. It can be concluded that the technique has great potential for developing a selective extraction method for other compounds.
